Clinical evaluation was retrospectively made of the results of serological diagnostic methods using plasma and/or sera of patients for the diagnosis of aspergillosis, candidosis, and pneumocystosis. Specimens were drawn from 8 patients with invasive aspergillosis, 3 with aspergilloma, 9 with candidosis, 4 with pneumocystosis, and 15 with no fungal infections.
Pneumocystis carinii, the causative agent of pneumocystosis, has recently been reclassified into a category of fungi by ribosomal RNA analysis, and it has also been demonstrated to have (1-3)-B-D-glucan in its cell wall. Pneumocystosis is thus now regarded as a fungal infection whose entity has been established.
Although there are serological diagnostic methods for systemic fungal infections, there have been few reports on clinical evaluations of their diagnostic efficiency. The purpose of our study was to clinically evaluate the commercially available diagnostic preparations employed in identifying systemic fungal infections using plasma or sera from patients suspected to be suffering from such infections: suspicions of infection were based on a week or more consecutive fever unresponsive to broadspectrum antibiotics, exaggerated chest X-ray shadow against aggressive antibacterial therapy, and other findings.
Materials and Method
Plasma and sera, obtained simultaneously, were subjected to as many serological tests as possible. In some cases, the tests were repeated several times during the patient's clinical course because of variations in the clinical data following antifungal therapy.
Antigen In the kinetic chromogenic method, the positive value was set at over 20 pg/ml, the negative value at under 10pg/ml, and the acceptable observation value at 10-20pg/ml. In the kinetic turbidimetric method, the positive value was set at 11pg/ml and over, and the negative value at below 11pg/ml.
In the Pastorex Aspergillus test and the Pastorex Candida test, a positive reaction was indicated by agglutination of the latex particles. In the CAND-TEC test, a positive reaction was indicated by agglutination of the latex particles against serum diluted two-fold or more.
Precipitin detection was detected by the techniques proposed by Longbottom and Pepys 8).
Plasma and sera from patients suspected of having systemic fungal infections based on a fever with no response to broad-spectrum antibiotics for a week or more were tested by antigen detection methods from 1994 to 1997 in our laboratory. The clinical records of each patient were reviewed for underlying diseases and clinical evidence of fungal infection. Patients who underwent dialytic therapy with a cellulosic dialyzer or antitumor chemotherapy with polysaccharide agents such as lentinan or sizofiran were excluded from this study.
Criteria of fungal infections for diagnosis The patients were classified into four categories: invasive aspergillosis, aspergilloma, candidosis, pneumocystosis, and other diseases with no fungal infection. The numbers of cases and specimens (plasma and sera) shown in parentheses were as follows: Eight cases of invasive aspergillosis (28 specimens), 3 cases of pulmonary aspergilloma (5 specimens), 9 cases of candidosis (19 specimens), 4 cases of pneumocystosis (6 specimens), and 15 control patients with no fungal infection (16 specimens).
The clinical types of these mycoses and their clinical diagnosis are described below:
Invasive Aspergillosis: Definitive cases (3 cases) were diagnosed by fever unresponsive to broad-spectrum antibiotics, nodular or sharp-edged shadows on chest X-rays, and isolation of Aspergillus sp. from a closed space (e.g., pleural effusion). Pulmonary Aspergilloma: was diagnosed by recognition of air-meniscus signs on chest X-rays, the isolation of Aspergillus sp. from sputum, and the detection of precipitin against crude Aspergillus antigen in sera or plasma.
Candidosis: Definitive cases (6 cases) were diagnosed by fever unresponsive to broad-spectrum antibiotics, repeated isolation of Candida from blood culture, or recognition of candidal endophthalmitis. Supplementary confirmation was furnished later by autopsy. One probable case was diagnosed by fever unresponsive to broad-spectrum antibiotics, isolation of Candida sp. from the blood, and repeated positive (1-3)-B-D-glucan tests and/or positive Pastorex Candida tests.
Pulmonary candidosis (2 cases) was diagnosed by pathological findings of transbronchial biopsy, or by isolation of Candida sp. from repeated bronchoalveolar lavage, purulent lesions in chest X-rays including CT-scan, and responsiveness to antifungal therapy.
Pneumocystosis: was diagnosed by findings at autopsy and the following clinical symptoms: fever unresponsive to broad-spectrum antibiotics, and dyspnea, cyanosis, hypoxia with alveolar-capillary block signs, and diffuse infiltration or cloudy-glass shadows on chest X-rays. P. carinii was detected in the smear of sputa and bronchoalveolar lavage, as well as by polymerase-chain reaction method for detection of P, carinii.
Underlying diseases of patients (Table 1) Patients included 24 males and 15 females, ranging in age from 19 to 81 years (mean: 46. 6 years). The underlying diseases included haematologic diseases (21 cases ), collagen diseases (5 cases), tuberculosis (4 cases), and others (9 cases).
Statistical methods of data analysis The clinical diagnostic parameters were analyzed by the Chi-square test or t-test.
Results
The results of two (1-3)-B-D-glucan measurement methods using the same samples and the positive rates of different antigen detection methods examined at random are shown in Fig. 1 The clinical diagnostic parameters calculated from Table 2 are shown in Table 3 . These data were statistically analyzed by the Chi-square test.
Among the antigen detection methods for invasive aspergillosis, there were no significant differences in test values between the chromogenic method and the turbidimetric method, but both were more statistically reliable than the Pastorex Aspergillus test in sensitivity (p<0.0001; p<0.001), efficiency (p=0.0017; p=0.0001), and negative predictive value (p=0.0475;p=0.0124). Furthermore, in some cases, the double diffusion method became positive during the clinical course of invasive aspergillosis.
In aspergilloma, the antibody detection (double diffusion) technique was significantly more sensitive than the chromogenic and turbidimetric methods (p=0.0098, p=0.0016).
In candidosis, the turbidimetric method showed a more reliable tendency than the chromogenic method without significance in sensitivity (p< 0.0711), efficiency (p0.0742), and negative predictive value (p=0.0772). Both methods were superior to Pastorex Candida in sensitivity (p< 0.0001, p=0.0001), efficiency (p=0.0146, p= 0.0001), and negative predictive value (p=0.0334, p=0.0006). The Pastorex Candida test was significantly more reliable than the CAND-TEC test in specificity (p0.0072).
In pneumocystosis, there were no reliable differences in these values between the two (1-3)-B -D-glucan measurement methods. Positive rates of serological diagnostic methods in each case and the average positive rate of each mycosis are shown in Table 4 . The t-test was used as the test of significance. The chromogenic and turbidimetric methods were more useful than the Pastorex Aspergillus test in aspergillosis (p= 0.0025, p=0.0001), and more useful than the Pastorex Candida test in candidosis (p=0.0039, p<0.0001). The turbidimetric method was more useful than the CAND-TEC test in candidosis (p=0.0430). In pneumocystosis, there were no statistically significant differences in these values between the chromogenic and turbidimetric methods.
Discussion
Together with the increasing incidence of AIDS in recent years, the use of more potent immunosuppressive agents and antibacterial agents has led to the frequent occurrence of opportunistic fungal infections. The prognosis for these mycoses is poor unless appropriate antifungal chemotherapy is initiated promptly at an early stage. This is contingent on an early diagnosis of the infection, but it is often difficult to detect the pathogenic fungi in systemic fungal infections. Unfortunately, there have been no useful or reliable diagnostic methods that can be routinely applied before the appearance of causative fungi.
(1-3)-B-D-glucan is a characteristic major cell wall component of fungi, including the pathogenic fungi investigated in this study9-13). However, it should be noted that Cryptococcus neoformans and Mucor contain little of this component in their cell walls11, 12) At the clinical levels, we compared the diagnostic efficacy of two (1-3)-B-D-glucan detection methods, the Pastorex Aspergillus test, the Pastorex Candida test, the CAND-TEC test, and the method for detection of serum precipitin.
Technical differences between the kinetic chromogenic and kinetic turbidimetric methods employed in the (1-3)-B-D-glucan test are shown in Table  5 . Both methods were found to be influenced by hemodialysis membrane and antitumor agents containing high amounts of (1-3)-B-D-glucans such as lentinan, sizofiran, etc. 1,14-16), Whereas Ikemura et al.17) reported that the values yielded using diazocoupling (FUNGITEC(R) G test and FUNGITEC(R) G test TE) in the chromogenic method were influenced by antimicrobial agents such as sulfa drugs, the methods in the present study were not influenced at all.
The cut-off values yielded by the two (1-3)-9-D-glucan measurement techniques were differ- Table 5 . Differences of substitutes, reaction time and cut-off values by (1-3) -B -D-glucen measurement methods ent, and the substitutes for (1-3)-B-D-glucan, namely, pachyman in the chromogenic method and curdlan in the turbidimetric method, also differed. Thus the data obtained by these methods could not be simply compared. Moreover, the values of (1-3)-B-D-glucan were also not always parallel. It seems likely that (1-3) -B-D-glucan detection methods are more useful to compare diagnostic parameters, e. g., true positive rate, true negative rate, and efficiency. The turbidimetric method showed higher positive responses than the chromogenic method in sensitivity, efficiency, and the negative predictive value without significance. With the chromogenic method, the negative value was under 10pg/ml, the positive value was over 20pg/ml, and the acceptable observation value was 10-20pg/ml. This difference thus might be attributable to a slight delay in the diagnosis of fungal infection compared to the diagnosis by the turbidimetric method. It is evident that the (1-3)-B-D-glucan measurement methods are useful in diagnosing fungal infections, but are not applicapable to differentiate among potential diseases.
In contrast to a positive rate of 42.9% in controls, the LAND-TEC test had a high positive rate of 68.8% in systemic candidosis and an even higher positive rate of 83.3% on pneumocystosis. Two of 3 cases with pneumocystosis were suffering from some collagen disease, and this method was influenced by a rheumatoid factor. Therefore, the CAND-TEC test might yield false positive results, and the test data must be judged with this in mind 18, 19) The Pastorex Aspergillus test and the Pastorex Candida test were low in true positive rate (sensitivity) but high in true negative rate (specificity). The former test had a declination characterized by initially negative results which later turned positive at the end-stage of the patient's clinical course9). However, Kappe and Schulze-Berge20) reported that this test showed cross-reaction to several airborne fungi which might contaminate serum samples. Herent et al.5) reported that the Pastorex Candida test behaved better in the absence of antibody.
Evaluations of the CAND-TEC test have varied6 ' 21,22) , and one report warns that the test should not be used to diagnose invasive candidosis in immunocompromised patients21)
Precipitin was detected in a few patients with systemic aspergillosis during temporary recoveries from the disease. The production of antibody is generally poor in severely immunocompromised patients, but, it was clearly present in our test.
In conclusion, the turbidimetric and chromogenic techniques for the measurement of(1-3)-B-Dglucan are both available for the diagnosis of deep mycoses, and the turbidimetric method is more useful than the chromogenic. Neither technique, however, could detect aspergillosis, candidosis, or pneumocystosis. When a fungal infection is suspected, a test measuring (1-3)-B-D-glucan might be recommended in conjunction with other tests described above, or with tests that recognize these infections (e. g., polymerase-chain reaction).
